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Field of the Invention 

i i. _ e to a method and an 
The present invention relates to radio 
•FfirientlV searching for a per^ 
apparatus for efficiently wire less ad hoc 

station in a network, especially m 
communication network. 

Background of the Invention 
Rs present. Planned, in the ^ — ^ 

- * wirei T t^trt::::^:— ^ ^ ~ 

as a new short-distance perip „eral devices. 

PCS persona! — - ^ £rom , for 

Specifications for Bluetoot 

Since it is easy pnysic al layer for an ad 

considered snit^ejorje a^e PJ ^ ^ ^ ^ 

hoc network. An ad m beln g required. 

instructed without a ^ ^ £tooth is to provide a 

Th e primary reason £ or us ^ devlces . 

replacement for cables betwee ^ also 

Providing connections betwee P ^ 

regarded as important There uctlon of a n ad hoc 
is not always appropriate for the 

network. h n ln Fig. 1, is a 
A component of Bluetooth, as 
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lled a piconet 100, which 
small communication »t « u0 , and u p 

^%\rti:tirr ( :-, - - - 

to seven sxave 

160 and HO. om hopping sequence to 

Each piconet 100 uses iy co „ unicat e 

perform frequency hopping, and can 

wlth other such ""^J^" .mong nine or .ore radio 
Therefore, for communicatee op conBU nication 

— to -terconnect r c :r;;:pioyed; of 

£0 rm which uses a bnag 

physical distances involved. ^ freque ncy diffusion 

Frequency hopping " ulatln g frequency is 

communication system whereby . om number . The 

rrequently changed by using ^ number that 

hopping sequence itsel « is chan , e d. 

defines the order in which the q ^ ^ by a 

A bridge (or a gateway) i ^ coffimunlca te 

pl urality of different pickets and 

wit h all the piconets among "hi* it ^ ^ ^ 

For multi-hop commun ^ enable 
dUectly communicate with a P ^ ^ packets . 

communication an intermedial ^ node : , ^ ^ 

« h en Bluetooth is employe to ^ ^ 

encompassing an unspecified ^ ^ ^ ^ 2 _ 1S 

ciuster configuration 200 . ^ ^ physlcal 
common because of the 

layer- each clus ter, 210, 220, 230, 

In . cluster network 200 ea ^ ^ , 

240 or 250. comprises several radio 
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» with one radio station (node), 212, 222, 
„ication area W1 t h o & ^ ^ ^ & master) 

232, 242 or 252, tnat j-» 

at the center. cloved for communication 

Mhil e the same channel « employed t ^ 

withln an individual cluster, a different 

— d for «-^^^« path that is 

A channel is a logical procedures 
• „ *-he same communication prou 
employed by using the bi-directional 
(including the hopping sequence) to enable 

communication. ? 62 or 2 64) that 

When there is a radio station .e g- J 

1= from two adjacent clusters, 
can receive srgnals fro, t ' btldge , and 

station (node ^ nodes . 

reciprocates along the channe ^ fay ^ ,. t of 

Th e cluster network ^200 ^ ^ 

clusters that are connected oy 

266, 270 and 272. olcon et corresponds to a 

According to Bluetooth, a pxconet 

cluster, and a .aster piconet ^ t \L present in 

Generally, information concernmg node th 
a communication area is not provided for 

in advance. network is constructed, 

That is, when an ad hoc new 

That a=, present m a 

information concerning nodes^ that^^ ^ ^ 

communication area network in advance. 

r— • :";:»r,ru . .... — 
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h and en ter the communication area, or nodes or 

outside the area. network under such 

in order to maintain or manage a network 
In order ^ arches for and monitoring of 

-^t. £ or these search — - 

Therefore, when the frequency ^ 

monitoring or search activities are per can 
overhead for these operations i. -cr-sed 

contrive to a substantial ^eduction, ^data ^ _ 

data transfer speed, But >ctl , ltle , ls iow, the 

neighbor node monrtor-g or sea- ^ ^ 

locating of new nodes or clusters 

3^=r-- 
constitutes a non-productrve, futile expen 

resources. >t least 10 seconds is required to 

Since with Bluetootn <x th above 

conduct a single search for neighbors nodes, 

trend is especially »" ted - co nsonance with the 

To construct a new network, 

sc3 le, one to ^^"J^t ~»~»*" ' 

neighbor nodes, and even after t 

an extremely large overhead is incurred. 
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■f there is no network connection format or 
Therefore, if there £ornanc e of searches 

. mechanism that provides for Qf , topological 

an d -itorin. oniv when the P ^ gt whi 

change is high, and that per£ormed , lt 

monitoring or search ac iv ti ^ 
is difficult to operate an ad no ^ than 

For a network that employs a V ^ ^ £m 

Biuetooth, the overhead incur ed^y p.^ ^ 
neighboring nodes can a _ ^ 

« r:: lit:::"., — - - - 

application for portable devices^ oommun ication 
- example of . ^ typice > * For Adaptive Wireiess And 

study la reference 1,. ^ D.A. Malt,, « 

Mobile Networking, ' J N<j 1; 1996 , pp. 34-42. Ad 

personal Communications, vol , ^ continuously 

hoo wireless "^ion ^ Task Forc e, . the 

st udied by the IETF (Interne. : E9 ^ ^.^ and 

association that is 16 arc hitecture for the 

development of the protoco and ^ 

mternet (e.g., reference [21, ^ k ^ pearlman , 

(ZRP) For Ad Hoc Networks J ^ (3]> 

^"-ietf-manet-zone-P^- , ^ C . E . 

"Ad Hoc On-Demand Distance g r _ EaS( 
Perkins, . 

dr aft-ietf-manet-aodv-03 txt - is 
For communication for whicn 
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Ul "Multicluster, Mobile, 
•, ~a q Pe reference l 4 J» nuJ - u . 
employed, see j.« Tsai, J. 

MQ 4.„ nr v " M. Gerla and J.i. 
Multimedia Kadio Network ^ t<> ^ and 

Wireless Ne works, Vol J ^ (CBRp) 

reference [5], Cluste ,. t . T ay, 
actional Specification," H. J«»9. 

a.aft-iet^anet-cbrp-spec-OO.txt 199 ^ 

In th e above - £ « o 7 6 m 11 e t0 di I s 5 c 1 0 ' vered comparatively 
a nearby radio station can d ^ 

easily, and substantially, no -«»*£ r taken lnto 
overhead involved in perform a search 

the use o t which is e X pe r d to spr^ter^ ^ ^ 
a problem arises in «»t V ad hoc 

locate a peripheral radio (reference [6], 

communication is not regarded as important 

connectable »*>j£»^ ^ ^ructed or so that 

communication networks can ., ucted ln consonance 
established networks can be re-constructed 

w"h the movement of a radio station^ ^ 

provide a method wnereoy mia iitv of received 

communication networks can monitor the quality ° 
signals and can distribute the signals so 
search for peripheral radio stations. 
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h • „ to the present invention, an increase in 
According to tie pi deteriorated) 
. ths, which received signals are aerei 
jamming waves (by whlch appearance of an 

ls regarded as a srgn that pre ^ ^ ^ a 

unsown radio station, and is employ ^ ^ ^ 

radio station search process As ^ ^ 

reduction in the consumption of *"° cated notmal 
communication time and electric power, that - 
state are expended on meaningless « /^/f^ tor a 
slnc e the load imposed by the performance of a ... ^ 
radio station is distributed ^ « as , „ hole is 

overhead for the ad hoc communication network a 
reduced, and the average search time is shortened. 

Brief Description of the Drawings 

will now be described with specific 
The invention will now 

t„ the aooended drawings wherein: 
"""I: Tis a diagram showing the components of a networ* 
for which the present invention can be t of 
o a diagram showing an example 
Fig. 2 is a aiag present 
an ad hoc communication network for 

invention can be applied. pxamP ie wherein a new 

a diagram showing an example 
connelu. 3 !: Provide! for the ad hoc communication networ. 
,a new node is acgui^ ^ ^ ^ , 
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(two separate networks approach a duster) 

Fig 5 is a graph showing a change in the 
interference intensity along the time axis 
connection is provided for the ad hoc communication network 

(a new node is acquired) . , nf . rfPM ice 
ri„. 6 is a graph showing a change in the interference 
intensity aiong the time axis when a new connection is 
provided for the ad hoc communication network (two separate 

networks approach a cluster) . „™™ r iate 
Flg . 7 is a block diagram showing an appropriate 

network arrangement for the present invention. 

Fig 8 is a flowchart showing the operation performed 
bv a search scheduler according to the present invention. 
" g 9 is . a flowchart showing the processing performed 
to determine the time at which the entire cluster wi 1 
search for a radio station when the present invention is 

emPl °n g ' !0 is a flowchart showing the processing for the 
all ocation of search times to individual slave nodes when 
1-he present invention is employed. 

II 11 is a flowchart showing the processing performed 
to determine the search order for the individual slave nodes 
when the present invention is employed. 

Detailed Description of the Invention 

There are at least two cases wherein new connections 
are made to an ad hoc communication network One is where a 
new node is acquired hy a conventional network area (Fig. 
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3) , and the other is when a plurality of separate networks 
approach a communication enabling zone (Fig. 4) . 

initially, in Fig. 3, four nodes, i.e., node 1 .312,. 
node 2 (314, , node 3 (316, and node 4 (3.18, , constitute 

network A (310) . . . nQ , unrV A 

When a new node 5 (320, plans to 3 oxn the network A 

,310-, (Fig. 3), this node transmits a radio 
notify the other nodes of its presence in th.xr vxcxn.ty. 
"he network A (310M, however, regards this radxo sxgna 
simply as interference propagated by a source outsxde 

logical channel. noving 

Further, when networks A (410) and u i 
so that they are separately approaching • <™^» 
enabling zone (Fig. 4,, a signal transmitted by the netw r 
R ( 410M is regarded as an interference sxgnal by the 
network B (420M, and conversely, a signal transml tted ^ b 
the network B ,«0M is regarded as an interference sxgnal 

by the network A (410', . 

Fig. 5 is a graph prepared for the case xn Fxg 
(wh ere a new node is Joining a network, showing the relatxve 
ntensity, along the time axis for a node, of the sx, 
induced interference. In Fig. 5, a horxzontal axxs 
represents the elapsed time and 
represents the intensity of the 

m Fia 5, it is readily apparent that at a 
interference. In Fig. a, it 

midpoint 530 a new node 5 appears and the xntensxty I of 
signal induced interference is increased. 

Pig. 6 is a graph prepared for the case xn Fxg. 
(whe re a plurality of moving networks are approachxn, a 
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communication enabling zone) showing the relative intensity, 
along the time axis for a node, of the signal induced 
interference. In Fig. 6, a horizontal axis 610 represents 
the elapsed time, and a vertical axis 620 represents the 
intensity I of the signal induced interference. In Fig. 6, 
it is readily apparent that as time elapses, and the two 
networks near the communication enabling zone, the intensity 
I of the signal induced interference gradually increases 

(increases to the right) . 

As is evident in either case shown in Figs. 5 and 6, as 
time elapses the intensity I of the signal induced 
interference increases (to the right in Figs. 5 and 6). 

According to the present invention, the intensity of 
the signal induced interference is employed as an index for 
a topological change, and is used to control the resources 
that are to be allocated for a search for a radio station 
Since the signal induced interference intensity is employed 
as an index for a topological change, there is a reduction 
in the resources allocated for meaningless searches 
performed when there are no subsequent topological changes, 
and there is a further reduction in the overhead, for a 
radio station, imposed by the performance of a search. 
Further, when a topological change does occur, a 
concentrated search is performed and a network is quickly 

constructed. . 

,1, When the intensity of all the signal induced 
interference originating outside a logical channel is 
monitored in an ad hoc communication network, and when there 
is a significant increase in the intensity, the frequency at 
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Mhi ch searches ~ or the - t o r: - stations » 

increased. In all other cases, the frequency 

When the measurement of the intensity of all the sig 
When rne ^ffficult because of restrictions 

induced interference is difficult be o£ 

imposed on the physica lay ; * ^ may be 

communication quality that is due 

us ed as an index for a ^^^c. 1. specifically 

The deterioration that in ui Tntprfpre nce 

ptr (Carrier to Interterence 
HPtected is a reduction m the CIR (came 
power Katio,, which is a measurement that Is common to all 

— rr^T 'I"- U — diffusion, or in a c 
where fast frequency hopping occurs two or -e t«-~ 
one symbol, a correlating reduction 
signal and a diffusion sign can be employed as 

described index. nine-sharing 
For a slow frequency hopping system or a time shari 

^ ^her, for a networ* wherein polling is employ. - 
communication activities performed within the ame ^ 
and whereby a CSMA/CA Carri Sense 

A ccess/Collision .voidance »l-oit time is 

collisions in different ^r. ^ ^ ^ 

rrte tct^: - us ed ,« ^ 

are not limited to those described above. 

m When an ad hoc communication network is 

■ llv of clusters, a cluster head performs 
constructed, especially of clusters, 
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the scheduling for searches to be conducted by all the 
cluster so that the loads imposed on the nodes xn the 
cluster are uniform, and to minimize the effect on data 

communication. 

The cluster head monitors the communication volume tor 
each node, and distributes, to the nodes, a search time that 
is determined by (1), based on a predicted value for the 
communication volume in the near future. The nodes then 
perform a search, beginning with a node that has no data to 

be transmitted. 

Since the work performed by a cluster head and a bridge 
greatly affect the performance of an entire network, 
basically, they do not perform searches. 

Primarily, the cluster head periodically monitors 
search packets in order to obtain information concerning 
searches performed by other clusters or other nodes. 

To simplify the following explanation, it will be 
assumed hereinafter that the cluster form is used for all 
networks, and that each network includes a master cluster 
and slave clusters, as shown in Fig. 2. It will also be 
assumed that new nodes, which are to join networks, or 
network slave nodes transmit packets to perform searches, 
and that the master nodes only occasionally monitor ■ the 

search packets. 

A master node and a slave node in a network are 
arranged as is shown in Fig. 7. A master node 710 
comprises, as its primary components, a protocol stack 715, 
a transceiver 720, a search scheduler 725, communication 
volume prediction means 730, and an outside-channel, signal 
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induced interference intensity measurement means 735. 
slave node 750 comprises, as its primary components, a 
protocol stack 760, a transceiver 765 and a search routine 



755. 



in Fig. 7, the transceivers 720 and 765 correspond to 
the physical layer for communication, and the protocol 
stacks 715 and 760 correspond to an upper covering layer 
extending from a data link layer up to an application layer 
The search scheduler 725 and the search routine 755 control 
the distribution of search resources and the execution of 
searches for the entire cluster. The search ™ 
and the search routine 755 are a part of the network layer 
of the protocol stacks 715 and 760, and are illustrated and 

explained separately. 

The signal induced interference intensity measuring 
mea ns 735 employs the transceiver 720 to measure the 
intensity of signal induced interference originating outside 
. local channel. When the intensity of signal induced 
interference can not be measured because of 
imposed on a device, the error rate obtained by the data 
link layer may be used instead. 

The communication volume prediction means 730 monitors 
the flow of data in the protocol stack 715, and prepares 
predictions concerning the volume of the communications that 
will be performed by the slaves in the future. 

Fig 8 is a flowchart showing the processing that is 
mainly related to the search scheduler 725. The intensity 
of the signal induced interference measured by the signal 
induced interference intensity measuring means 735 is 
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transmitted to the search scheduler 725 (step 820) . 

The search scheduler 725 employs the obtained intensity 
of the signal induced interference to determine the total 
quantity of the resources that are to be allocated for a 
search (step 830) . That is, when a significant increase in 
the intensity of the signal induced interference occurs, the 
resources allocated for searches are increased. And when 
the intensity is reduced, or after a new cluster has been 
found by a previous search, the resources allocated for 
searches are reduced. At the same time, the frequency the 
master node uses to monitor search packets is adjusted. 

in accordance with the volume of the communications 
predicted by the communication volume prediction means 730 
(step 840), the search scheduler 725 allocates, to each 
node, a time to perform a cluster search (step 850) . 

At step 850, a shorter search time is allocated for a 
node having a greater predicted communication volume, while 
a longer search time is allocated for a node having a 
smaller predicted communication volume. 

Further, the search scheduler 725 determines the search 
order in accordance with the existing communication state, 
and prepares a schedule for all the nodes in the cluster to 
prevent overlapping searches (step 860) . 

Thereafter, the schedule prepared at st;ep 860 is formed 
into a packet that is transmitted, via the protocol stack 
715 and the transceiver 720 of the master node and via the 
transceiver 765 and the protocol stack 760 of the slave 
nodes, to the search routine 755 in the slave node 750. The 
slave node 750 initiates a search in accordance with the 



JP919990207 



14 



4--:^^ When another 

^ fhP search routine too. 

schedule ;-" Ve t d he by se t a h r e ch Se routlne 756 mediately notifies 
node is found, the searcn 

the master node. . . n . the processing 

Figs . 9 to U are flowcharts showing the P 
«= Id to set up a scheduler for Bluetooth. Since 
performed to set up include a 

«-« Bluetooth a transceiver does not. 
according to Bluetootn a _ originating 

f«r- directly measuring interference orxy 
mechanism for directly inte nsity a packet 

outside a logical channel, instead 

„ «» nr - — d nowchart showing th 

a cluster. Fig. 10 the predicted 

process <a portion 8« ~ - ^ V a ^ ^ 

volume of ~- atl ° n ; ^ detailed £lowc hart showing 
£or each node. And Fig. U isa ^ 

/ a nortion 865 in hig* °; 
the process (a pollxuh 

schedule is prepared for a ^ ^ ^ ^ 

m this example, it is ««- ^ durlng , 

be aUccated for an en re ^ ^ when an 

constant search eve! on ^ ^ ^ ^ 

error rate increases, it 

hi gh that a new node or a new c ^ ^ ^ 

and the time allocated for a searcn y 

increased. at the M8ter no de 

At the same time, the inte ^ ^ 

monitors search packets is rea _,,„„„,. „, , new 

a c^arch for another ciuscei 
response time for a earch ^ ^ 

node. At step 915 m Fig. », 
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minster was found during the 
determine whether another clus f ^ 

1 wh^n another ciu&lcj. 

preceding cycle. *h ^ ^ ciuster was found , 

control advances to step W". 

program control shifts to step . the maste r 

qon the monitoring frequency 
M f d as t the time retired by the master node 
node is reduced, as is tn 

to perform a search and to ^JJ^. searches performed 
At step 925, the time alio ted ^ ^ 

by the cluster is reduced as ^ ^ packet . 

cl„.t« to perform a search and ^ ^ ^ 

At steps 920 and 925, the c di££eren t cluster is 

err or rate has already heen found an .ffe^ ^ ^ 
now continuing to serve as an int. ^ ^ 

there is no further " * x low , and the 

probability of finding a new node or 

search time can be Ened . t0 determine whether 

At step 9S0, a check is per ^ 
. time allocated for a sear ch pe ri d has - ap ^ 
preceding search. When the ime ^1 ^ ^ ^ ^ 
period has elapsed, program c ° ntr ° X „ conC rol 

It when the allocated time has not e sed. ^ ^ 

enters a loop and waits for 

elapse. £ r the cluster is 

At - 'I 5 ' '.To ^e er r rate obtained for the 
measured. At step 940, the ^ rate 

entire cluster is compared with t ^ ^ 

timing. When the error rate for the 

to or greater than the average «~ ' ^ sffiallsr than 
shifts to step 955. And when the error 
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the average time value, program control advances to step 
945. At step 945, the frequency for the monitoring 
performed by the master node is reduced. 

At step 950, the search time for the cluster is 
reduced. At step 955, a check is performed to determine 
whether a difference between the measured error rate 
obtained for the entire cluster and the average time value 
exceeds a standard deviation. When the difference exceeds 
the standard deviation, program control advances to step 
960. When the difference does not exceed the standard 
deviation, program control shifts to a coupler A (970) . 

At step 960, the frequency for the monitoring performed 
by the master node is increased. At step 965, the search 
time for the cluster is increased. 

Through this processing, when the measured error rate 
for the cluster exceeds the standard deviation and is 
greater than the average time value, it is assumed that a 
significant change has occurred in the error rate and the 
resources allocated for searches and for monitoring are 
increased. 

When a cluster is approaching, both the master node and 
the cluster node perform the same process, so that the quick 
establishment of a bridge can be expected. When the 
measured error rate for the entire cluster is equal to or 
lower than the average time value, the probability of the 
appearance of a new node or cell is low, and the resources 
allocated for the searches are reduced. But when it is 
discovered that the error rate is slightly elevated, the 
same search as is described above is performed. 
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In Fig, 10 is shown an overview of the process by which 
the search time that is obtained in Fig. 9 for an entire 
cluster is allocated to the individual nodes that form the 
cluster. 

Since a search performed by the master node or by using 
a bridge increases the load imposed on a network as a whole, 
in principle the search time is allotted only for slave 
nodes other than a bridge. 

Further, in order to minimize the effect oil normal 
communications, a shorter search time is allocated for a 
slave having a large data communication volume, and a longer 
search time is allocated for a slave having a small data 
communication volume. 

When the error rate differs from slave to slave, it is 
assumed the probability is good that a new node or cluster 
has appeared near a slave having a high error rate, and the 
search ratio is increased. 

While a search load function is calculated in Fig. 10, 
an appropriate function, such as an error rate increase 
function or a data volume reduction function, may be 
selected as a function to be performed. 

An example search load function is obtained by using 
the following equation. 

ak = (A+error k ) /B+data k ) 

(A and B are positive constants) 

The function for ak need not always be employed, and 
the load may be uniformly allocated to all the slaves. 
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At step 1010, 1 and 0 are input to respectively 
initialize k and S. At this time, k denotes a k-th slave 
node, and S denotes the sum of the search load functions for 
all the slave nodes. At step 1020, an error rate value 
error* is extracted for the k-th slave node. At step 1030, a 
predicted data rate value data* is extracted for the k-th 
slave node. At step 1040, the search load function ak is 
calculated for the k-th slave node. At step 1050, S = S + 
ak is calculated. At step 1060, a check is performed to 
determine whether the sum S of the search times has been 
calculated for all the slave nodes. When the calculation of 
the sum S has been completed for all the slave nodes, 
program control advances to step 1070. But when the 
calculation of S has not yet been completed, program coritrol 
is shifted to step 1080 and from there enters a loop. 

At step 1080, k is incremented by one (k = k + 1), and 
program control returns to step 1020. At step 1070, Ti Q:k is 
obtained by using Ti Q , ak and S, and program control advances 
to a coupler B (1090) . It should be noted that Ti Q is the 
search time obtained in Fig. 9 for the whole cluster. 

TiQ:k = <T l0 *ak)/S 

Fig. 11 is a flowchart showing the process by which the 
search times that were obtained in Fig. 10 for the 
individual slave nodes are used to determine the search 
order for the slave nodes. 

First, an appropriate search order is determined in 
accordance with the physical layer. The order is changed 
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for a node holding data to be transmitted, and the node is 
permitted to perform the search later, so that the effect on 
communication is minimized. 

For the following reasons, differences between clocks 
are employed to determine the search order in Fig. 11. 
According to Bluetooth, a node that performs a search 
sequentially transmits its own ID to neighbor nodes during a 
dedicated search hop sequence, and when the neighbor nodes 
respond to this transmission, the search is established. 

The search hop sequence is divided into two frequency 
groups (or trains), A and B. The search node always employs 
train A to initiate transmission of its ID, and then employs 
train B after the transmission by train A has continued for 
a specific time. The frequency included in each train 
differs depending on the node, and is determined in 
accordance with the self-operated clock. It is recommended 
that the object of a search monitor the center frequency of 
its train A intermittently, once every 2.56 seconds, and for 
11.25 mS. 

If the recommended values are employed, but the ID is 
not continuously transmitted along the same train for at 
least 2.56 seconds, none of the nodes that are currently 
being monitored can receive the ID. 

When between two nodes there is a large difference in 
clocks, the monitoring frequency is included in the train B 
of the search node. Therefore, it is difficult to find a 
new node during the search while using the train A, and a 
doubled transmission time (at least 5.12 seconds) is 
required. 
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In addition, since a back-off occurs to prevent a 
packet collision, it is specified that even in an error free 
condition, at least ten seconds is required to examine all 
neighbor nodes during a single search. 

If the search time is shortened in order to reduce such 
a load, the probability of finding a new node during one 
search differs greatly for the trains A and B. 

Especially when a search is performed for 2.56 seconds 
or less, a node belonging to the train B can not be found, 
so that at least 3.2 seconds is required for the search. 

When a plurality of nodes in a cluster cooperate in the 
performance of a search, their clocks differ, so that each 
train A is composed of a combination of different 
frequencies . 

Therefore, when a node is selected for which the clock 
difference with the node that performed the immediately 
preceding search is the greatest, many search frequencies 
can be scanned during a short period of time. 

Especially when the sum of the trains A of all the 
slave nodes includes all the search frequencies, all the 
nodes can be found during a single search that is shorter 
than 2.56 seconds. In this case, instead of reducing the 
search time, the times for the searches can be increased to 
reduce the load imposed on the network, without changing the 
probability that a radio station will be found. 

At step 1110, all the slave nodes are entered in a 
search wait queue. At step 1115, the clock of the master 
node is regarded as a reference clock. At step 1120, a 
slave node for which the difference from the reference clock 
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is the greatest is selected from the search wait queue. At 
step 1125, a check is performed to determine whether a data 
packet to be transmitted to a selected slave node is 
present. When the packet is not present, program control 
advances to step 1130. When the packet is present, program 
control is shifted to step 1150. At step 1150, a slave node 
for which the difference from the reference clock is the 
second greatest is selected. Program control thereafter 
returns to step 1125. At step 1130, a search start command 
packet is transmitted to the selected slave node. At step 
1135, the process is paused while the search is performed. 
B At step 1140, after the search has been completed, the 
)H pertinent slave is deleted from the search wait queue. At 
Q step 1145, a check is performed to determine whether the 
Ji: search wait queue is empty. When the queue is empty, the 
CH processing is terminated (1160) . But when the queue is not 
w empty, program control advances to step 1155. At step 1155, 
H= the clock of the slave node that performed the immediately 

!Z preceding search is employed as the reference clock. 
m Program control thereafter returns to step 1120. 
~ With the arrangement used for this invention, the time 

required to search for a connectable radio station can be 
reduced before a new wireless ad hoc communication network 
is constructed, or before such a network is re-constructed 
following the relocation of a radio station. 

With the arrangement used for the invention, it is 
possible to provide a method whereby a cluster-based 
wireless ad hoc communication network can monitor the 
quality of a received signal and can distribute the signal 
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to nodes to perform an efficient search for a peripheral 
radio station. 

In conclusion, alternative embodiments will now be 
described wherein the invention is applied: 

(1) An apparatus for initiating a search for a radio station 
when during a wireless communication session a communication 
signal is so deteriorated that its strength is less than a 
predetermined reference . 

(2) An apparatus for initiating a search for a radio station 
when during an ad hoc communication network session a 
communication signal is so deteriorated that its strength is 
less than a predetermined reference. 

(3) An apparatus for initiating a search for a radio station 
when during a multi-hop wireless communication session a 
communication signal is so deteriorated that its strength is 
less than a predetermined reference. 

(4) An apparatus for initiating a search for a radio station 
when during a wireless communication session the intensity 
of interference is increased until it is greater than a 
predetermined reference. 

(5) An apparatus for initiating a search for a radio station 
when during an ad hoc communication network session the 
intensity of interference is increased until it is greater 
than a predetermined reference. 
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(6) An apparatus for initiating a search for a radio station 
when during a multi-hop wireless communication session the 
intensity of interference is increased until it is greater 
than a predetermined reference. 

(7) An apparatus for increasing the frequency at which 
searches for radio stations are performed when during a 
wireless communication session a communication signal is so 
deteriorated that its strength is less than a predetermined 
reference. 

(8) An apparatus for increasing the frequency at which 
searches for radio stations are performed when during an ad 
hoc communication network session a communication signal is 
so deteriorated that its strength is less than a 
predetermined reference. 

(9) An apparatus for increasing the frequency at which 
searches for radio stations are performed when during a 
multi-hop wireless communication session a communication 
signal is so deteriorated that its strength is less than a 
predetermined reference. 

(10) An apparatus for increasing the frequency at which 
monitoring for radio stations is performed when during a 
wireless communication session a communication signal is so 
deteriorated that its strength is less than a predetermined 
reference. 
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(11) An apparatus for increasing the frequency at which 
monitoring for radio stations is performed when during an ad 
hoc communication network session a communication signal is 
so deteriorated that its strength is less than a 
predetermined reference* 

(12) An apparatus for increasing the frequency at which 
monitoring for radio stations is performed when during a 
multi-hop wireless communication session a communication 
signal is so deteriorated that its strength is less than a 
predetermined reference* 

(13) An apparatus for increasing the frequency at which a 
searches for radio stations are performed when during a 
wireless communication session a communication signal is so 
deteriorated that its strength is less than a predetermined 
reference, and for reducing the frequency at which searches 
for radio stations are performed when the quality of a 
communication signal exceeds a predetermined reference. 

(14) An apparatus for increasing the frequency at which a 
searches for radio stations are performed when during an ad 
hoc communication network session a communication signal is 
so deteriorated that its strength is less than a 
predetermined reference, and for reducing the frequency at 
which searches for radio stations are performed when the 
quality of a communication signal exceeds a predetermined 
reference . 



JP919990207 



25 



(15) An apparatus for increasing the frequency at which a 
searches for radio stations are performed when during a 
multi^hop wireless communication session a communication 
signal is so deteriorated that its strength is less than a 
predetermined reference, and for reducing the frequency at 
which searches for radio stations are performed when the 
quality of a communication signal exceeds a predetermined 
reference * 
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